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ABSTRACT 
RIMFOREST LANDSLIDES, 
SAN BERNARDINO MOUNTAINS, 
SOUTHERN CALIFORNIA 
by 
David L. Hanson 
The highly visible erosional scars near the crest of 
the San Bernardino Mountains just east of Strawberry Peak 
near the community of Rimforest are active landslides. From 
at least the 1920's to 1988 the primary activity has been 
mass wasting by rockfall in highly fractured quartz mon-
zonite. Tension cracks in the adjacent area indicate that 
active landsliding may be spreading. Landsliding in this 
area had its origin most likely with the uplift of the San 
Bernardino Mountains and has continued with periods of 
active movement associated with heavy precipitation and 
seismic activity separated by long periods of dormancy. The 
geomorphology of the area suggests that the currently active 
landsliding may be only a small part of a large ancient 
landslide. 
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From the San Bernardino Valley a host of landslide 
features are visible along the crest of the San Bernardino 
Mountains, many of them man-made scars resulting from con-
struction of Skyline Drive (California Highway 18). The 
largest and most easily visible scars are natural landslide 
features located near the small community of Rirnforest and 
here termed the Rimforest landslides (Figure 1). These 
landslides are the subject of this investigation. 
Previous Work 
To date the landslides . in the Rimforest area have 
received very little detailed study; most geological inves-
tigations have been of a reconnaissance nature. In 1971 T. 
w. Dibblee produced a geologic map of the Harrison r1ountain 
Quadrangle (including the area of Rimforest) at 1:62,500 
scale. However, while showing the major landslides and 
faults in the area, Dibblee's map provides no details of the 
Rimforest landslides. More recent work done in this area 
includes a geological reconnaissance study by Gary Rasmussen 
and Associates which resulted in a 1978 unpublished geologic 
engineering report to the County of San Bernardino on land-
sliding in the vicinity of a sewage lift station near the 
town of Rirnforest. In 1983, Gary F. Stoney, an engineering 





Strawberry RIMFOREST I 




Figure 1. View of Rimforest landslide scars looking north across the San 
Bernardino Valley from the intersection of I-10 with I-215. Illustration from a 
photo taken r1ay 7, 1986, courtesy of Pete Sadler; from Hanson and others, in press. rv 
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this area. In 1986 further reconnaissance work in the 
Rimforest area by myself and others resulted in a more com-
prehensive assessment of landsliding in the reg ion (Hanson 
and others, in press). These preliminary observations and 
investigations led to the more extensive study for this 
thesis. 
Objectives 
The main objectives of my thesis research were to map 
in detail the area of current landsliding and to determine 
the nature and type of landsliding that is currently occurr-
ing in the area. In this thesis I will review the history, 
geologic setting, and geomorphology of the Rimforest land-
slides. In addition I will speculate on their past develop-
ment and possible future movement. 
Geographic and Geologic Setting 
The San Bernardino Mountains are a part of the Trans-
verse Ranges province, an east-west trending unit about 300 
miles (480 kilometers) long extending from Point Arguello on 
the west into Joshua Tree National Monument on the east. 
The San Bernardino Mountains are the loftiest range in the 
Transverse province. An extensive upland plateau situated 
at an elevation of 6,500 to 7,500 feet (1,980-2,300 meters) 
represents a horst-like block uplifted along bounding 
faults, the major one being the San Andreas Fault on the 
south (Figures 2 and 3). Geologically speaking the uplift 
San 
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Figure 2 . Location of the landsl idc study area of 
Rimforest , , California in the San Bernardino r1ountains . Note 
the nearby San Andreas Fault Zone ( SAFZ). From Hanson and 
others, in press. 
5 
Figure 3. Map of the Rimforest plateau and landslide scars 
(modified from Harrison Mountain Quadrangle, San Bernardino 
County, California, 1:20,000 scale, 1967, USGS topographic 
map: from Hanson and others, in press). 
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of the Transverse Range is relatively young, at least post-
Oligocene (Norris and others, 1976). However, according to 
Sadler (1982) a significant portion of the uplift of the San 
Bernardino Mountains occurred during the Plio-Pleistocene. 
In their study of the Old Noman Sandstone, Ray and Repenning 
( 1982) concluded that the uplift occurred between 2 and 4 
m.y. ago. 
The Rimforest landslides are located near the adjacent 
corners of Sections 29, 30, 31, and 32 of T. 2 N., R. 3 w., 
in the Harrison Mountain Quadrangle (1:62,500) on the south 
rim of the plateau (Figures 2 and 3). The study area covers 
four square miles of very rugged and steeply dipping 
terrain. The currently active landslides extend from the 
plateau rim to the tributaries of Strawberry Creek at an 
elevation of about 4,000 feet (1,220 meters). The sum total 
area affected by all three principal landslides is approx-
imately 1,500 feet (457 meters) in width and 800 feet . (244 
meters) in height (Figure 4). The most active landsliding 
in the Rimforest area is currently occurring as a result of 
headward erosion of an unnamed north-south drainage 
immediately south of the intersection of Apache Trail and 
Blackfoot Trail West (Figure 5) at the south edge of town. 
Bedrock throughout the Rimforest area consists of 
highly fractured quartz monzonite that is considered "fresh 
rock" (less than 15% weathered) (Durgin, 1977). Fresh grani-
toid rocks are subject to rockslides, rockfalls, and block 
7 
Figure 4. Stereo pair of aerial photographs showing the 
three principal rockfall slides in the Rimforest area as 
they appeared in 1984. The scale is 1: 36, 000. Air photo 
nos. 2058 and 2059, Air Photo Services, Santa Ana, 
California. 
8 
Figure 5. View of the north-south drainage area south of 
the intersection of Apache Trail and Blackfoot Trail west. 
Photo taken on March 15, 1988. 
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glides which are all controlled by factors related to 
jointing (Durgin, 1977). The granites in the Rimforest area 
have a predominant jointing or fracture pattern trending 
approximately east-west, subparallel to the San Andreas 
Fault, with a 15 degree variation to the north and south. 
For rocks with a random joint pattern the critical slope 
angle is about 70°, but this critical slope angle can be 
reduced to as low as 30° to 40° if the joints are sub-
pa ral lel to the ground surface due to sheeting in the 
granite (Durgin, 1977). 
In addition to the main strand of the San Andreas Fault 
several other faults are nearby and have undoubted l y con-
tributed to landsliding in the Rimforest area. An unnamed 
fault lies 0.5 mile (0.8 kilometers) to the south. The San 
Jacinto Fau l t lies about 10 miles (16 kilometers) to the 
southwest a nd the Kinley Creek and Cleghorn Faul ts 1 ie 2 
and 3.25 miles (3.2 and 5.2 kilometers) to the north respec-
tively. 
METHODS 
To determine the history of landsliding in the 
Rimforest area, vertical aerial photographs spanning the 
years 1938 to 1984 where obtained from various sources, 
including the U. s. Geological Survey, u. s. Department of 
Agriculture, EROS Data Center, Pictorial Photographies of 
Riverside, California, and Air Photo Services in Santa Ana, 
California. Old historic photographs from the Spence and 
Fairchild Aerial Photograph collections of the Department of 
Geography at the University of California at Los Angeles, 
and the collection of Steele's Photo Service of San 
Bernardino were also studied. The aerial photographs were 
also very important for describing the geomorphology of the 
area. 
Field observations were conducted over a two year 
period with reconnaissances about every three months looking 
for geomorphic indications of slope movement. Photographic 
documentation was made of all features. I also studied the 
area for any geomorphic evidences for a large ancient land-
slide as originally suggested by Rasmussen and Associates 
(1978). A detailed geomorphic/structure map (1:6000) scale) 
was produced of the four square mile area surrounding 
Rimforest. Field mapping was based on both field traverses 




Three separate and distinct landslides can be recog-
nized in the Rimforest area (Figure 3 and map in back 
pocket). Current slope movement in all three areas can be 
classified as mass wasting by rockfall (Varnes, 1978). 
Slope ratios of these areas of active rockfall vary between 
1:1 and 2:1 (horizontal: vertical). Fracture and joint 
systems in adjacent quartz monzonite outcrops have a general 
east-west trend (subparallel to the San Andreas Fault), 
range from approximately north 75 degrees east to south 75 
degrees east, and dip 65-75 degrees to the south. Rockfall 
appears to be controlled by this joint system. 
For purposes of description, the three principal rock-
fall areas will be designated as rockfall #1, rockfall #2, 
and rockfall #3 (Figure 3). The scarp slopes of the three 
rockfall slides have geometric forms that are linear down 
slope and concave across the slope width (i.e. amphitheater 
in shape). The scarps are almost vertical, irregular, and 
with bare and fresh surfaces due to continual detrital 
movement. The head and flanks of the rockfall scarps are 
well defined by thick vegetation growing on the undisturbed 
surfaces. The foot of each of the rockfall slides are 
narrow at the stream ravines and covered by fallen rock 
debris. 
Rockfall #1 is located in the north-south drainage at 
11 
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the intersection of Apache Trail and Blackfoot Trail West 
(Figure 6). This area is approximately 400 ft ( 122 m) in 
width and 568 ft (173 m) in length. The surface area of 
active rockfall is approximately 113,000 ft2 (10,000 m2) and 
the scar indicates that an average of 60 ft ( 18 m) depth 
has been removed since 1978. These dimensions indicate that 
rockfall #1 has produced more than a quarter of a million 
cubic yards (2 x 105 m3) of detritus since 1978. Sheeting 
surfaces in the granite exposed in the scarp of rockfall #1 
dip 650 - 750 (Hanson and others, in press) toward the south 
(Figure 7) and have no doubt contributed to the rapid head-
ward erosion of this area. 
Rockfall #2 faces toward the southwest and is located 
to the east and separated from #1 by a moderately to 
sparsely vegetated slope. Rockfall #2 is shaped like an 
inverted "v" and covers approximately 95,000 ft2 (8,900 m2) 
(Figure 8). Given a conservative depth of 16.4 ft (5 m) this 
area has produced approximately 58,000 yds3 (44,275 m3) of 
detritus. 
Rockfall #3 is located directly south of #2 and also 
faces toward the west. A thickly vegetated area separates #3 
from #2. Rockfall #3 is the largest of the three slides, 
. 
covering about 262,300 ft2 (24,400 m2) (Figure 8) . At a 
depth of pre-fall material of 16. 4 ft ( 5 m) this rockfall 
would have produced about 160,000 yds3 (122,000 m3) of 
debris down slope. Since 1984 rockfall #3 has eroded about 
13 
Figure 6. View of rockfall #1 on the west flank of the 
north-south drainage. Photo taken May 7, 1986: view is WNW. 
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Figure 7. View to the east of sheeting in the granite 
exposed in the scarp of rockfall #1. Note the angle of dip 
(650 - 750) to the south. Photo taken on March 15, 1988. 
15 
Figure 8. View to the east toward the inverted "v-shaped" 
rockfall #2 and the vegetated area separating #2 from the 
far slide #3. Photo taken on March 15, 1988. 
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20 ft (6 m) eastward at the top of the scarp (confirmed by 
aerial photos and field observations). The total area 
covered by all three rockfall scarps is about 470,000 ft2 
(43,800 m2). Collectively, these three slides have produced 
approximately half a· million cubic yards ( 366, 000 m3) of 
detritus to the drainage of Strawberry Creek. 
In May of 1986, a tension crack was observed on the 
west-facing flank of the drainage in the heavily vegetated 
slope that separates rockfalls #2 and #3 (Figures 9 and 10 
and map in back pocket). On the ground the tension fault is 
c 1 early evidenced by a sea rp face approximately six feet 
(two meters) high and exposes a slicken-sided fault plane 
(Figure 9). The fault strikes approximately 350 degrees 
north and dips 58 degrees toward 2600 west-south-west. 
Aerial photographs taken in 1979 by Pictorial Photographies 
Inc. of Riverside, California do not have this feature 
visible, but those of September, 1982 taken by the United 
States Geological Survey do. Thus the tension crack 
appeared sometime within this 3-year period. Air photos are 
not available to fill in the intervening years and determine 
more precisely when this feature first formed. At the 
time of its discovery in May , 1986, the scarp face had 
evidently only recently been exposed as no vegetation and 
very little detritus were found on its surface , although 
some spring wild flowers were observed growing in the dis-
turbed soil at the upper edge of the hanging wall. 
17 
Figure 9. The tension fault in heavy vegetation in the area 
between rockfalls #2 from #3. View is to the southeast. 
Photo taken on May 7, 1986. 
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Figure 10. The tension fault in the heavily vegetated area 
separating rockfalls #2 and #3. View is to the north-
northwest. Photo taken on May 7, 1986. 
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I speculate that perhaps fresh movement may have occurred 
during the winters of 1979 - 81. 
The fault trends along the slope to the south and 
bisects a large highly fractured quartz monzonite outcrop at 
the head of rockfall i3 (Figure 11). Fresh tension pull-
aparts in this fractured granite outcrop (Figures 12 and 13) 
provides additional evidence for recent movement. 
Other evidence of movement of the vegetated slope 
between rockfalls i2 and #3 are two older vegetation-covered 
tension cracks striking approximately 300° to the northwest 
from the quartz monzoni te outcrop (Figure 14). The sou th-
western-most crack is about 138 ft (42 m) in length and 
about 20 ft (6 m) in width. 
ft ( 2 m) to the northeast. 
The other tension crack is 6.5 
It is also about 138 ft (42 m) 
in length and about 16 ft (m M) in width. Judging by the 
amount and age of vegetation that has overgrown these cracks 
I estimate that they are more than 9 years old. 
Landslide History 
Landsliding along the southern rim of the San 
Bernardino upland at Rimforest possibly had its origin as a 
result of prehistoric (Plio-Pleistocene) uplift along an 
unnamed east-west fault approximately 0.5 mile (0.8 kilo-
meter) to the south. Uplift along this fault would have 
resulted in oversteepened slopes with a consequent rapid 
northward erosion and migration at the head of south-flowing 
drainages. Landslides would be a naturally recurring 
20 
Figure 11. A view to the north-northwest of the tension 
fault as it trends downslope bisecting a large highly 
fractured granite outcrop. Photo taken on May 7, 1986. 
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Figure 12. Tension "pull-aparts" in the fractured granite 
outcrop that is bisected by the tension fault. Photo taken 
on May 7, 1986. 
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Figure 13. Tension "pull-aparts" in the same fractured 
granite outcrop as in Figure 12 photographed one year later 
in May of 1987. Note the increase in detritus that has 






View to the northwest from the bisected granite 
the two heavily overgrown tension cracks barely 
breaks in the vegetation. Photo taken on March 
24 
phenomena as uplift and headward erosion continued. 
The history of landsliding in the Rimforest area has 
possibly been associated with periods of high precipitation 
(e.g. the 1862 and 1969 rainy seasons) and episodes of 
earthquake activity. Recent fault activity which has 
probably been a causative factor in landslide movement and 
rock fall includes the 1857 Fort Tejon earthquake on the San 
Andreas Fault, the 1899-1984 earthquakes on the San Jacinto 
Fault, the 1907 Running Springs earthquake, and the 1979 
earthquake swarm that occurred near Big Bear. 
Aerial photographs taken as far back as 1920 indicate 
that active landsliding was already occurring at Rimforest 
on the west facing flank of the ridge in the W/2 SW/4, 
Section 29. An aerial photograph in 1938 (Figure 15) shows 
a small lake in Rimforest just east of Apache Trail. 
Drainage of this lake, which was present as recently as 1978 
(Rasmussen and Associates, 19 7 8) , may have contributed to 
the headward erosion of the north-south drainage and the 
creation of rockfall area *l· Aerial photographs taken in 
1953 show increasing rockfall in the north-south drainage 
area with enlargement of the affected acreage at the head of 
the slide area (Figure 16). By 1984, aerial photographs 
show further erosion with a fresh tension crack (as de-
scribed in the previous Geomorphology section) in the vege-
tated area to the east (Figure 17). 
According to Rasmussen and Associates (1978) during 
25 
Figure 15. Aerial photograph of the Rimforest landslide 
area in 1938. The scale is 1:20,000. Air photo AXL 74-109, 
U.S. Depa r tment of Agriculture, Soil Conservation Service. 
26 
Figure 16. Aerial photograph of the Rimforest landslide 
area in 19 5 3. The scale is 1: 20, 000. Air photo AXL-28K 
176, U.S. Department of Agriculture, Soil Conservation 
Service. 
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Figure 17. Oblique aerial photograph of the three principal 
landslides in the Rimforest area in 1984. Note the tension 
crack in the vegetated area separating rockfalls #2 from #3 
(see arrrow). The scale is 1:36,000. Air photo no. 2066, 
Air Photo Services, Santa Ana, California. 
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the month of February, 1978, following a period of very high 
rainfall, rockfall #1 eroded headward approximately 60 feet 
(18 meters) creating a very nearly vertical scarp. Since 
the surface of this rockfall area is approximately 113,000 
ft2 (approximately 10,000 m2), sixty feet of headward 
erosion would have removed about 6 X 106 ft3 (2 X 105 m3) of 
rock material . By May of 1986 the steep scarp face on the 
north margin of this area had further retreated and 
threatened the stability of a home on Apache Trail, west of 
the corner of Blackfoot Trail West (Figure 18); this build-
ing has since been removed. Another home on Apache Trail, 
east of the corner of Blackfoot Trail West, above the east 
flank of the drainage (Figure 18) has also recently been 
condemned (John Bowman, personal communication, 1987). 
The history of landsliding at Rimforest has some simi-
larities to the landsliding and mudflows which have occurred 
periodically at Wrightwood , California (Morton and others, 
1979). Heavy precipitation has apparently been a major 
factor in landsliding at both areas. However, lithologic 
. 
differences between these two sites make further comparisons 
difficult. Pelona Schist at Wrightwood greatly contributes 
to sliding and moves much more easily than the fractured 
monzonite at Rimforest . 
Future Movement 
The type of landsliding found in the Rimforest area is 
typically characterized by periods of rapid advancement of 
29 
Figure 18. A view of part of rockfall #1 on the west flank 
of the north-south drainage. Note the house that was 
threatened at the head of the slide scarp; this building has 
since been removed. The home condemned later can be seen in 
the upper right. Photo taken on May 7, 1986 
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the heads of the slides during periods of heavy precipi-
tation (which increase the hydrostatic pressure and lubri-
cate the joint and fractures in the granitic rocks), frost 
action (freeze and thaw cycles), and/or during shaking by 
major earthquakes, followed by a long periods of dormancy 
(Rasmussen and Associates, 1978). With saturation of the 
soil and bedrock and increase in pore pressure in the upper 
portions of the potential slide, movement will normally 
occur over short periods of time. Over a longer period of 
time failure is often preceded by the opening of tension 
cracks near the top of the slopes. Over time these tension 
cracks will widen with subsequent rapid slope failure that 
creates oversteepened scarps. Rock falls will then continue 
on the scarp face with development of new tension cracks 
further up slope . This cycle of slope erosion and failure 
will probably continue and repeat itself at Rimforest until 
stopped by controlling faults or unfractured bedrock. 
ANCIENT LANDSLIDE? 
The town of Rimforest . lS located at an elevation of 
about 5,650 feet (1,723 meters) on a small, rather isolated 
plateau approximately 0.5 mile (0.8 kilometer) in length, 
and 0.25 mile (0.4 kilometer) in width, below and southeast 
of Strawberry Peak (6,100 feet; 1,860 meters) (Figure 19). 
This geomorphology suggests that the Rimforest plateau may 
represent a large ancient landslide. I am in agreement with 
Rasmussen and Associates (1978), that this isolated plateau 
and a toe in the fault could be an ancient block slide. Thus 
the current active landsliding and rock fall may be off the 
leading edge of this much larger landslide (Figure 19). In 
addition to the overall geomorphic shape of the area, the 
specific evidences in support of this interpretation 
include: the large scarp-like south face of Strawberry 
Peak, the relatively flat surface on which the town of 
Rimforest sits with respect to the surrounding terrain, the 
old "sag pond" (now drained), the thick soil profiles 
observed at Rimforest like those on landslides elsewhere in 
Southern Ca 1 if orn ia (Rasmussen and Associates, 1978) , and 
the presence of large cedar trees with bends in their trunks 
(Figure 20). These bent trees are found on both sides of 
each of the three currently active landslide areas and 
clearly indicate a more general downward slope movement over 
the life of the trees. Collectively, the features listed 
above are strong circumstantial evidence that the Rimforest 
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Figure 19. Computer-generated block diagram of the 
Rimforest landslide area. Surf87 Program by Golden 
Software . 
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Figure 20. One of the bent cedar trees located adjacent to 
rockfall #3. Photo taken on March 15, 1988. 
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area represents a large ancient landslide. As rotational 
slides or slumps only occur in saprolite (the final stage of 
weathering in granite} according to Durgin ( 1977}, the 
ancient Rimforest slide probably occurred by block slip 
along fractures or sheeting surfaces in the granitic rocks 
(Figure 19). The formation of the larger, ancient landslide 
was probably concurrent with the uplift of the San 
Bernardino Mountains during the Plio-Pleistocene. Several 
large, bedrock landslides in the San Bernardino Mountains 
are suspected to be Pleistocene and to have occurred with 
the uplift of these mountains (Reeder, in press). 
CONCLUSIONS 
In the San Bernardino Mountains of the Transverse Range 
province of Southern California, active landsliding is 
producing highly visible scars. Landslides located on the 
south rim of a plateau in the Rimforest area are occurring 
in granitic rocks of the oversteepened slopes of a block 
that was probably uplifted during the Plio-Pleistocene. 
The three principal landslides, which are classified as 
mass wasting by rockfall, have collectively produced approx-
imately half a million cubic yards (366,000 m3) of detritus. 
They are still active as evidenced by "fresh" tension scarps 
in vegetated slopes and headward erosion of the head scarps 
of the rockfall slides. 
The history of landsliding in the Rimforest area has 
probably been punctuated by periods of rapid headward 
erosion during times of heavy precipitation or earthquake 
shaking, followed by dormant periods with little or no slide 
activity. This cycle of slope failure will probably con-
tinue and threaten any structures that are in the vicinity 
of the headward advancing scarps until erosion is stopped by 
controlling faults or unfractured bedrock. 
Several features in the Rimforest area suggest that the 
area may represent a large ancient slide which may have 
occurred during the uplift of the San Bernardino Mountains 
in prehistoric times (Plio-Pleistocene). Some of these 
features are: the steep scarp wall up to Strawberry Peak, 
35 
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the unusual flat surface on which the town of Rimforest sits 
with respect to the surrounding granitic terrain, the "sag 
pond", the thick soils overlaying bedrock, and the bent 
cedar trees in the vegetated areas between the currently 
active slide scarps. While these features may be convincing 
evidence of an ancient giant landslide in this area, they 
are not conclusive proof. 
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